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Abstract
This paper presents a procedure for simulating random road disturbances based on the method of non-canonically decomposing
random functions in the form of deterministic functions depending on just three random quantities under any probability distribution
law. The mathematical methods developed for modeling random road disturbances give an accurate representation of the random
function perturbations in the framework of the correlation theory using just three random variables. The proposed approach allows
to obtain more reliable data on the spectral composition of the microrelief, to simplify the study of the dynamics of mobile vehicles
and reduce the amount of computation in comparison with other methods.
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microrelief is one of the main problems in studying
the low-frequency vibrations of mobile vehicles, and, in
particular, wheeled tractors. A microrelief is a road/field
pavement with randomly arranged roughnesses. It is
usually treated as a random function that satisfies the
following conditions: the function is stationary, the mi-
croprofile ordinates follow the normal distribution law,
the roughness lengths have upper and lower limits, the
microprofile varies randomly in the vertical longitudinal
plane only [8,12–14].
There are different methods of random function rep-
resentation, e.g. using the generalized Fourier series,
the methods of Karhunen et al. [1–5]. For any random
function, these methods allow to construct an infiniteE-mail address: tatyanalexeeva@gmail.com.
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uncorrelated random quantities. All of these methods,
however, have some significant disadvantages. In partic-
ular, the fairly large number of series terms is required
to obtain a reasonable accuracy. Furthermore, the linear
form of these representations is of little use when study-
ing nonlinear oscillating systems.
The non-canonical representation of a random func-
tion suggested by Chernetsky [6] has been used as a
basis for developing a procedure of simulating ran-
dom roadway disturbances in our study. Its advan-
tage over other methods is that it provides an exact
match between a random function and its representa-
tion within the framework of correlation theory while
using just three random quantities for the stationary
random function. Such a random function representa-
tion has a wide field of applications, such as, specif-
ically, analyzing electrical circuits [7], and expressingion and hosting by Elsevier B.V. This is an open access article under
0/).
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structure [8–11].
According to the assumptions made, the correlation
function and the spectral density are sufficient statistical
characteristics of a random function of the road distur-
bances. By analyzing the expressions commonly used
for approximating the correlation functions we chose
the following function [12,13]:
Rh(τ ) = Dh
(
A0e−α0|τ | (1 + α0 |τ |) +
N∑
i=1
Aie−α0|τ |
(
cos βiτ + αi
βi
sin βi |τ |
))
. (1)
Its corresponding spectral density is of the form
Sh(ω) = Dh
(
4A0α30(
ω2 +α20
)2 +
N∑
i=1
4Aiαiω20i(
ω2 −ω20i
)2 +4α2i ω2
)
,
(2)
where A0, Ai are nondimensional coefficients allowing
for the microrelief spectral density value at maximum
points; Dh (cm2) is a disturbance dispersion; τ (s) is a
time variable; N is a number of spectral density maxima;
ω (s−1) is a frequency.
The correlation coefficients α0, αi, βi are connected
to the vehicle speed v by the relations:
α0 = α0u.v; αi = αiu.v; βi = βiu.v, (3)
where α0 u., αiu., βiu. are the coefficients corresponding
to the unit speed.
We chose this correlation function because, firstly, it
allows for the periodic component of the random dis-
turbance function, and, secondly, coefficient values for
Eq. (1) were obtained experimentally in Refs. [12,13]
for some of the common microprofile types. Based on
this, we can construct random disturbance functions
analytically.
As constructing implementations of random distur-
bance functions from their statistical characteristics is
rather complicated, one or two terms are normally used
for the expression of the correlation function (1).
This study solves the problem of constructing the
simulations of random roadway disturbances while re-
taining five or more terms in the specified expression;
this allows to account for the spectral density maxima
and obtain more reliable information on the microrelief
spectral set.
This procedure is used for constructing the random
disturbance functions h1(t) and h2(t) included in a setof differential equations simulating the mobile vehicle
vibrations. These functions take the form:
h1(t) = mh1 + λ1 sin ω t + λ2 cos ω t; (4)
h2 (t) = mh2 + λ1 sin ω (t − t0) + λ2 cos ω (t − t0) ,
(5)
where t0 = l/v (l is the mobile vehicle wheelbase, v is the
speed); mh1 , mh2 are expected values of random func-
tions; λ1, λ2, ω are independent random quantities.
The probabilistic characteristics of random functions
h1(t) and h2(t) necessary for constructing the simula-
tions are given: their expected values are equal to zero,
while the correlation function is defined by Eq. (1).
The probability distribution laws for random values
λ1 and λ2are arbitrary, and the distribution density of the
random value ω is found through the correlation func-
tion (1)
f (ω) = 1
2π
∞∫
−∞
Rh (τ )
Dh
e−iωτ dτ = 2A0α
3
0
π
(
α20 + ω2
)2
+
N∑
i=1
2Aiαiω20i
π
(
ω20i − ω2
)2 + (2αiω)2 (6)
In interpolation method of analysis, the necessary
sample of random values λ1, λ2, ω is calculated us-
ing the applicable ψ-transform and the special tables of
standard Chebyshev nodes for any probability distribu-
tion laws of random variables.
Tables of Chebyshev nodes of normal distribution
were used for the random values λ1 and λ2. The work-
ing nodes λ1k1 and λ2k2 for the entire set of indices
k1 = 1, 2, . . . , q1, k2 = 1, 2, . . . , q2 are calculated by
formulae
λ1k1 = M (λ1) + σλ1 xk1; λ1k2 = M (λ2) + σλ2 xk2
σλ1 = σλ2 =
√
Dh; M (λ1) = M (λ2) = 0,
where xk1 , xk2 are the standard Chebyshev nodes for nor-
mal distribution.
We constructed a ψ-transform to a uniform distribu-
tion law for a random variable ω according to the spec-
ified distribution density (6)
x + 1
2
=
ω∫
−∞
(
2A0α30
π
(
α20 + ω2
)2
+
N∑
i=1
2Aiαiω20i
π
(
ω20i − ω2
)2 + (2αiω)2
)
dω. (7)
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as a function of x in explicit form. For this reason the
equation solution was reduced to numerically integrat-
ing the differential equation
dω
dx
= (1/2)
(
2A0α30
π
(
α20 + ω2
)2
+
N∑
i=1
2Aiαiω20i
π
(
ω20i − ω2
)2 + (2αiω)2
)−1
(8)
with the initial conditions x = 0, ω = 0. As a result,
working nodes ωk3 corresponding to the standard nodes
xk3 (k3 = 1, 2, ... , q3) were obtained.
A ψ-transform for a random variable ω with the dis-
tribution density (6) is constructed in a similar way; ta-
bles of standard Chebyshev nodes for normal and expo-
nential distributions are used.
Two nodes at a time were chosen for calculating each
of the random values λ1 and λ2, while five interpolation
nodes were used for the random variable ω,
i.e. q1 = 2, q2 = 2, q3 = 5; k1 = 1, 2; k2 = 1, 2;
k3 = 1, 2, 3, 4, 5. In this case it is necessary to calcu-
late 20 values at a time for each of the variables λk1 , λk2 ,
ωk3 ; n = q1q2q3 = 2 · 2 · 5 = 20.
Choosing this number of interpolation nodes both
achieves the required accuracy and minimizes the vol-
ume of calculations within the interpolation method.
In program-simulated synthesizing of the random
road disturbances according to the given correlation
function (1), the correlation coefficients αi and βi var-
ied depending on the vehicle speed in accordance with
Eq. (3)
Tables of working Chebyshev nodes λk1 , λk2 , ωk3
of the random variables λ1, λ2, ω for eight most
commonly-used road pavements at different speeds
were calculated using the developed procedure, and
these results may serve as a starting point for studying
mobile vehicle dynamics.
In conclusion, the developed simulation procedure
for random roadway disturbances produces an exact
representation of a random disturbance function within
the framework of the correlation theory while using
only three random values, allows to obtain more reliable
information on the microrelief spectral set and minimize
the calculation volume in comparison with other meth-
ods. The computer model is not software-dependent andmay be implemented in software environments adapted
to stochastic modeling.
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